How much of Earth's compositional variation dates to processes that occurred during planet formation remains an unanswered question. High-precision tungsten isotopic data from rocks from two large igneous provinces, the North Atlantic Igneous Province and the Ontong Java Plateau, reveal preservation to the Phanerozoic of tungsten isotopic heterogeneities in the mantle. These heterogeneities, caused by the decay of hafnium-182 in mantle domains with high hafnium/tungsten ratios, were created during the first~50 million years of solar system history, indicating that portions of the mantle that formed during Earth's primary accretionary period have survived to the present.
F
our and a half billion years of geologic activity have overprinted much of the evidence for the processes involved in Earth's formation and initial chemical differentiation. High-precision isotopic measurements of the decay products of short-lived radionuclides that were present when Earth formed can provide a view of events that occurred during the first tens to hundreds of million years of Earth history. Data from both the Xe (t 1/2 = 15.7 million years) systems show the importance of early mantle differentiation and outgassing events but provide conflicting evidence about the preservation of early-formed mantle reservoirs to the present day (1) (2) (3) (4) . Of the short-lived systems, the 182 Hf-182 W (t 1/2 = 8.9 million years) system is distinctively sensitive to metal-silicate separation and has been used effectively to trace the timing and processes of core formation (5) Igneous Province, which hosts the Baffin Bay locale (11) , and the Ontong Java Plateau in the western Pacific Ocean (12) . We studied pillow lavas with high-MgO picritic compositions (table S1) from Padloping Island, Baffin Bay (samples Pi-23 and Pd-2). We targeted these rocks because some Baffin Bay lavas contain the highest 3 He/ 4 He ratios ever measured (13) , along with Pb isotopic compositions (14) and D/H ratios (15) that indicate that their mantle source was relatively primitive and undegassed, consistent with it being isolated since shortly after Earth's formation. Ontong Java is Earth's largest known volcanic province and shares chemical and isotopic similarities with the Baffin Bay lavas, consistent with a primitive mantle source (16) . The Ontong Java sample (192-1187A-009R-04R) is a basalt ( (25) . The gray shaded area shows the range of HSE abundances for type-2 Hawaiian picrites (26) . (27) (Fig. 3) , or, alternatively, different Hf/W ratios in the resulting mantle reservoirs that reflect different oxidation states and, hence, different partitioning of W into metal (supplementary text).
The key observation to consider, which is supported by the results reported here, is that terrestrial samples with 182 W excesses do not seem to derive from sources depleted in HSEs (Fig. 2)  (6-10) . HSEs have partition coefficients between metal and silicate of >10 4 (20) ; thus, their concentrations in metal-depleted mantle domains are expected to be very low. Evolving oxidation states during Earth accretion might explain the decoupling of 182 W and HSEs, because although W becomes less siderophile under oxidizing conditions, the HSEs, even at high oxidation states, are not soluble in silicates (20) . This model, however, would require subsequent lateaccreted HSEs to have been mixed into different mantle domains without the mixing away of W isotopic heterogeneity. Alternatively, the observed decoupling could be explained if some metal from the core of the Moon-forming giant impactor was retained in the mantle, followed by a minor amount of late accretion (9) . This model would require a substantial mass of highdensity metal to have been retained in Earth's mantle after the impact, when the mantle was partially or wholly molten, and this retained metal would have to have contained chondritic relative abundances of the HSEs. These models are summarized in the supplementary text, along with a few additional potential explanations for the apparent decoupling of W isotopic compositions and HSE abundance variations.
Regardless of the origin of the
182
W variability, what is arguably more unexpected than the fact that Earth experienced such early differentiation events is that reservoirs formed by these early processes remain in the mantle today. This conclusion is now supported by isotopic variability in both W and Xe (1, 21), but not in Nd system is controlled by internal mantle differentiation. For both W and Xe, one component of the complementary chemical differentiation (the core for W and the atmosphere for Xe) may not be available for effective recycling and mixing in the mantle (22) . In contrast, for Nd, the main reservoirs created during early Earth differentiation may have been in a portion of the mantle that has since been effectively mixed by mantle circulation. Estimates for how much of the mantle can remain unmixed depend on the rheological properties assigned to the various materials involved. Some models (23) show that as much as 20% of the mantle may remain isolated as distributed masses. An important aspect of the results presented here is that both . If the LLSVPs are remnants of early differentiation events on Earth, they must have a delicately balanced density contrast relative to the surrounding mantle to allow their survival through 4.5 billion years of dynamic Earth history. 
